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CARDIOGENIC SHOCK
Andrew G. Leitch. B.Sc.
Based on the essay that won the Chest and Heart Association. Scottish Branch. Competition. 1968
D E F I N I T I O N  A N D  P A T H O G E N E S I S
I N C I D E N C E
C ard iogen ic  shock is shock occurring after 
m yocardial in farction . It  has been variously 
described as occurring in 6 % , 8 % , 1 0 % , 1 2 %  
and 2 0 %  o f patients w ith m yocardial in farc­
tion. Shock accom panies the onset o f pain 
in few  eases and m ost cases occur in the first 
tw enty-four hours after in farction  although 
they m ay occur several days after.
C L I N I C A L  C R I T E R I A
T h e  criteria for diagnosis o f shock m ay vary 
w ith  different authors (hence the anom alous 
2 0 %  above) but, in general, it is agreed that 
shock is suggested c lin ically  by the fo llow ing 
features: cold , clam m y extrem ities, pallor and 
cyanosis, rapid, thready pulse, anuria or olig­
uria, anxiety, restlessness or apath y, and pro­
longed hypotension . T h e  only ob jective  assess­
m ent is o f blood pressure and this alone does 
not define shock. C on sid erab le  variation m ay 
therefore be expected in diagnosis.
In view  o f the difficulties in  defin ing the 
criteria fo r diagnosis o f shock, the individual 
criteria and the interpretations placed upon 
them  w arrant fu rth er discussion.
T h e  pallor, coldness, clam m iness and olig­
uria are taken to indicate an increase in activity 
of the sym path etic  nervous system  leading to 
sw eating and a reduction in b lood  flow to the 
skin and the kidney respectively. S im ilarly, 
signs o f anxiety, restlessness or apathy are 
taken to indicate a reduction in cerebral b lood 
flow or cerebral hypoxia. A n x ie ty  or restless­
ness m ight be exp ected in patients w ho arc
in pain and apprehensive o f their m ortal future. 
A d eq uate  m ethods fo r  the m easurem ent of 
arm  and cerebral blood flow exist b u t the 
m easurem ents do not yet appear to have been 
m ade in cardiogenic shock. T h e  tachycardia 
also reflects the increased activity  o f the 
sym patho-adrenal system , the increased rate 
being due probab ly to an increase in sym path­
etic activity  to the heart and to the high level 
o f b lood catecholam ines in shock. T h e  in­
crease in urinary noradrenaline and adrenaline 
w hich has been dem onstrated after m yocardial 
in farction appears to be related to the clin ical 
severity of the condition . T h e  thready pulse 
m ay be taken as an indication of the reduction 
in stroke volum e.
C yanosis represents an increase in the 
am ount of reduced haem oglobin  visib le in the 
sub-papillary venous plexuses and is influenced 
by the haem oglobin  con ten t o f the blood. So- 
called central cyanosis is said to represent an 
arterial oxygen saturation o f less than 90-95%  
but trained clin ical observers are unanim ous 
in their observation only when the oxygen 
saturation of blood is as low  as 7 5 % . T h e  
m isleading effects o f fluorescent ligh ting  are 
im portant. Such cyanosis m ay be due to in ­
adequate pulm onary oxygenation , increased 
d eoxygenation o f arterial b lood or ven o­
arterial shunts. A ll three m ay be im portant 
in cardiogenic shock.
H ypotension  is difficult to define in view  of 
the w ide range of norm al blood pressures in 
the general population . In d irect m easurem ent 
o f brachial systolic blood pressure w ith  a 
sphygm om anom eter com pares favourably w ith 
direct intra-arterial recording (at least at norm al 
levels o f blood pressure) w ithin  certain lim it­
ations, e.g., cu ff w idth  and length . W h e th er
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the agreem ent is o f the sam e order in h ypo­
tension is not recorded. A  systolic blood 
pressure o f less than 10 0  m m . H g. or less than 
9 0  m m . H g. has been taken as indicating shock 
w hile others feel that a systolic blood pressure 
o f less than 80 m m . H g. is a necessary criterion 
o f shock. O thers again adhere to 80 m m . H g. 
w ith  an “ a llow ance”  o f 90 or 100  m m . H g. 
for previously hypertensive patients. M utu al 
agreem ent about the value o f blood pressure 
taken to indicate shock is desirable if thera­
peutic trials arc to be com parable. H yp o­
tension in shock can be taken to indicate that 
the heart is unable to m aintain blood pressure 
by an adequate output in a situation where 
the total peripheral resistance is norm al or 
raised. It m ust be distinguished from  the in ­
itial hypotension often seen in m yocardial 
infarction w hich is relieved by analgesics or 
sedatives and is attributed to pain. Vaso-vagal 
attacks and excessive doses o f m orphine., 
peth id ine or sedatives m ay also be m isleading 
causes o f hypotension.
HAEMODYNAMIC CRITERIA
T h e  clin ical definition o f shock is not en­
tirely satisfactory and since the early classical 
studies o f C oum and  attem pts h ave been m ade 
to find a haem odynam ic expression of shock. 
R ig h t heart cath ete risation is essential in 
haem odynam ic studies if one is to m easure 
cardiac output, central venous pressure and 
pulm onary artery pressure. It  is used for w ith ­
draw ing sam ples o f “ m ixed ”  venous blood for 
direct F ick  or in jecting dye for dye diffusion 
estim ations o f cardiac output. C ard iac output 
is trad itionally expressed as cardiac index 
(L /m in ./m2) in an attem pt to elim inate vari­
ations in cardiac output related to body size. 
T h e  total peripheral resistance can be calcu l­
ated from  the relation
Mean A ort ic  P r .  - Central  Venous  Pr.C ard iac  I n d e x  
Total  P er ip h era l  Res istance
In anim als the haem odynam ic consequences 
o f shock have also been studied after coronary 
em bolisation with spores or m icrospheres, 
coronary ligation or occlusion.
T h e  outstanding feature o f haem odynam ic 
studies has been the uniform  dem onstration 
of a fall in cardiac index in cardiogenic shock. 
It  is im portant to rem em ber that this is an 
acute fall in cardiac index. In  general, the 
low er the cardiac index, the m ore severely ill 
the patient is, although specific instances have
recently been described w here a very low  car­
diac index has been present in patients w ith ­
out shock. H ypotension  itself is not sufficient 
to define shock since sym pathectom ised 
patients m ay have adequate tissue perfusion 
w ith a slow  pulse and a low  blood pressure. 
T h e  e ffect o f fever on the total peripheral re­
sistance m ay cause a sim ilar phenom enon. 
A lthough reduction of cardiac index m ay be 
present in non-shocked patients, severe reduc­
tion of stroke volum e seem s to be m ore 
“ specific”  to cardiogenic shock and coupled 
w ith the dem onstration o f an increased 
cardiopulm onary blood volum e indicates fa il­
ure o f the le ft ventricle as a pum p.
T o ta l peripheral resistance in shock has 
been described as being increased, norm al or 
decreased. G unnar  divides his cases in to two 
groups: one w ith an increased peripheral re­
sistance w hich is considered to represent the 
norm al reflex response to a fall in cardiac in­
dex and one with a decreased peripheral re­
sistance which is believed to be the result o f 
som e vascular reflex from  the dam aged heart. 
Patients w ith a low  total peripheral resistance 
responded to noradrenaline by increasing 
peripheral resistance which is taken to indicate 
that the vasoconstrictor m echanism  is still 
functional although reflex vasoconstriction is 
inhibited  by a reflex from  the dam aged heart. 
H ow ever, in cats the vascular tree can be re­
sponsive to noradrenaline in the “ shock state”  
long after it h as ceased to respond to sym path­
etic  nerve stim ulation.
REFLEX SHOCK?
T h e  heart has m any receptors. Stim ulation  
o f som e o f them  m ay lead to hypotension as, 
for exam ple, in the le ft ventricular Bezold- 
Jarisch reflex w ith  veratrine . T h is  m ay be the 
m echanism  of the bradycardia and h yp oten ­
sion seen in “ shocked ”  dogs w hich is abolished 
by vagotom y. Possible receptors for such a 
reflex have been described. Agress has de­
scribed another possible reflex in dogs m edi­
ated by the dorsal sym pathetic roots, but his 
attem pts to identify  and block such a reflex 
in man have not been continued and were 
presum ably unsuccessful. T h e  h igher fre­
quency o f shock in patients with branch rather 
than m ain stem occlusions in the coronary 
arteries has been given as a possible indication 
o f reflex m echanism s in hum an cardiogenic 
shock. H ow ever, the significance o f a reflex 
from  the injured m yocardium  rem ains un-
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determ ined. D ogs w ith  denervated hearts m ay 
still b e  shocked after in farction . Presum ably 
people w ith transplanted hearts w ill still be 
liable to develop shock a fter m yocardial in farc­
tion. T h is  and the slow  onset o f shock do not 
favour a reflex m echanism .
A n acute fall in cardiac index is the basic 
lesion in cardiogenic shock. Sh ock is not 
associated w ith  any particu lar size or site o f 
in farction . In one study shocked patients had 
a h igher incidence o f previous in farction  than 
non-shocked patients w hereas the post-m ortem  
hearts exam ined b y  C ro n in  indicated that 
shock cases had a low er incid ence o f previous 
in farction . C ron in  suggests that a previous 
in farct m igh t protect the heart through the 
developm ent o f sign ificant in ter-coronary 
anastom oses. T h e  im pairm ent of cardiac 
function has been briefly described by M ac- 
K e nzie et al. In their study m easurem ents of 
m yocardial perform ance indicated “ gross im ­
p airm en t”  in cardiogen ic shock.
L U N G  F U N C T I O N
M a c K e nzie ’s fu ller and m ore im portant 
studies in the sam e paper dem onstrated that 
in shocked patients the P aO 2 was very low  
(m ean 47 m m . H g.) com pared w ith non- 
shocked patients (m ean 67 m m . H g.) and that 
whereas P aO 2 rose to expected levels (mean 
39 1 m m . H g.) on adm inistration  of 8 7 %  
oxygen to non-shocked patients, in shocked 
patients w ith oxygen the P aO 2 still rem ained 
rem arkably low  (m ean 1 1 9  m m . H g.). T h is  
has since been described by others. A  m ark­
edly increased alveolar-arterial oxygen tension 
grad ient was also described and has been con­
firm ed by others in cardiogenic shock and in 
acute m yocardial in farction w ith o u t shock. A  
sign ificantly increased grad ient is present even 
six to tw elve m onths after in farction . T h e  
hypoxaem ia is not due to inadequate ven til­
ation since the P a C O 2 is norm al or even de­
creased in these cases. T h e  hypoxaem ia is due 
partly  to an increased physiological dead space; 
partly  to venous adm ixture and also in som e 
patients to the presence o f a true shunt. T h e  
disturbed ventilation-pe rfusion ratios arc 
pro bab ly  due, in part, to the fall in cardiac 
index observed in shock lead ing to perfusion 
changes, and, in part, to the increased pul­
m onary venous pressure accom pan yin g pum p 
failure leading to p u lm on ary congestion. T h e  
rise in le ft ventricu lar end-diastolic pressure 
w hich is im plied  in the genesis o f pu lm onary
congestion and oedem a in cardiogenic shock 
has recently been dem onstrated. D etailed  
investigation o f the ven tilation-perfusion ratio 
changes in d ifferent parts o f the lung should 
be possib le w ith the techniques w hich have 
been described, but investigations o f this 
nature have yet to be carried o ut in cardioge nic 
shock. T h e y  should dem onstrate m ore c learly 
the nature o f the ven tilation  perfusion im ­
balance.
T h e  presence o f p u lm on ary congestion in 
card iogenic shock probab ly depends p artly  on 
the enthusiasm  w ith  w hich it is sought and 
partly  on the severity o f the eases described. 
F o r  exam ple, C ron in  found crepitations absent 
in m ost o f his 14 0  eases w h ile  N ielson  de­
scribes frank p u lm on ary oedem a necessitating 
treatm ent w ith digitalis in 30 %  o f his 34 cases. 
M c N ico l basing his diagnosis o f congestion on 
the presence of crepitations or rhonchi in the 
absence o f a h istory o f bronchitis found p u l­
m onary congestion in 1 3  out o f 1 5  shocked 
patients. R ad io logical criteria are also valu­
able. M c N ic o l has dem onstrated un equivoc­
ally  the im portance of congestion in the 
genesis o f hypoxaem ia after acute m yocardial 
in farction . T w o  o f his shock cases had no 
clin ical evidence o f congestion and it is sug­
gested that in these cases the hypoxaem ia is 
due solely to a gross disturbance o f perfusion . 
Indeed , an increased physiological dead space 
was very evident in these patients. It  is in 
such cases particularly that a regional analysis 
o f ventilation-pe rfusion ratios w ould prove 
interesting.
T h e  true shunt w hich has been described 
is thought un likely to be due to arterio-venous 
anastom oses “ since it disappeared on recovery 
in two cases” . T h e  possib ility  o f arterio-venous 
anastom oses as a factor in shunt at h igh a lti­
tude has been described in association with 
an elevated pulm onary arterial pressure b u t no 
such relationship betw een p resence of shunt 
and pulm onary arterial pressure exists a fter 
m yocardial in farction . It  has been suggested 
th at the shunt m ay be due to “ collapse, 
oedem a or b lockage o f alveoli in som e areas of 
the lu ng w here there is continued circu lation .”  
T his is m ore likely.
A C I D - B A S E  B A L A N C E
T h e  hypoxaem ia o f cardiogenic shock is 
associated w ith  a sign ificant acidosis due prin­
cip ally  to a rise in the concentration o f blood 
lactate. K irb y  and M cN ic o l note that the 
acidosis found in acute m yocardial in farction
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is most severe in patients with hypotension 
( < 9 0  mm. Hg.) plus left ventricular failure 
(? shocked). T h e  demonstrated rise in 
lactate/pyruvate ratio is indicative of tissue 
hypoxia and reflects an increase in the oxid­
ation of N A D H2 by the conversion of pyruvate 
to lactate in the cycle of anaerobic glycolysis. 
Anaerobic glycolysis is more active in hypoxia 
because less molecular oxygen is available for 
the operation of the cytoch rome system and 
aerobic glycolysis.
T h e  increased mortality found with severe 
acidosis is probably causally related and re­
presents an association between two accom­
paniments of tissue hypoxia. In man correc­
tion of the acidosis leads to an increase in 
blood pressure in non-shocked patients but this 
may have been related to the procedure and 
to the volume infused. T h e  effect of correc­
tion in shocked patients is not documented. 
O ther reports associate acidosis with arrhyth­
mias in man, decreased myocardial contract­
ility in dogs, and vasopressor antagonism in 
dogs. In dogs the combination of acidosis 
and hypoxaemia is particularly lethal: the sur­
vival rate is increased by correction of both.
C ORONARY A N D  OTHER R E G I O N A L  BLOOD FLOWS
T h e following functional points are also 
worthy of note. T h e hypotension of shock 
will lead to a significant reduction in coronary 
blood flow since in the human ease of infarc­
tion (but not the dog and hence partly the 
dubious relevancy of experimental cardiogenic 
shock in dogs) the coronary vessels will almost 
certainly be atherosclerotic, arteriosclerotic or 
even calcified. This will lim it or even elim­
inate any faculty for vasodilatation in response 
to hormonal, nervous, m etabolic or any other 
demands. In this situation the coronary flow 
becomes to a greater or lesser extent depend­
ent on aortic diastolic pressure since most 
coronary flow occurs during diastole. The 
existence of coronary autoregulation is still 
debated but where demonstrated it probably 
ceases, like cerebral autoregulation, at pressures 
of 50-80 mm. Hg. The effect of degenerative 
arterial disease on coronary autoregulation is 
not known and it should be possible to study 
this in a suitable animal preparation with and 
without the complications of myocardial in­
farction since its effect can only be guessed in 
man. Arterial disease is found in a wide 
range of animals including snakes, lizards, tor­
toises and vultures. Disease can also be pro­
duced by altering the diet of rabbits, rats and 
pigs and this disease closely resembles that 
found in man. T h e  effect of coronary artery 
disease on autoregulation of coronary blood 
flow would be most easily studied in the pig. 
(For similar reasons the pig would seem to be 
a more suitable animal than the dog for in­
vestigating the efficacy of different forms of 
therapy in cardiogenic shock). For the m om ­
ent it is agreed empirically that a pressure of 
50-80 mm. Hg. is usually adequate to m ain­
tain coronary and cerebral blood flow. Regional 
flow studies might be interesting here also. 
I n view of the need for a minimum blood 
pressure difficulties arise in therapy (see later) 
since attempts to increase the aortic pressure 
by vasoconstriction to maintain coronary flow 
will increase the afterload of an already em­
barrassed heart.
T h e sympathetic vasoconstriction in shock 
leads to a reduction in renal blood flow, glom­
erular filtration rate and urine secretion. If 
this oliguria (or anuria) is maintained micro­
scopic changes may be visible in the kidney 
structure. Similarly impairment of liver 
function has been demonstrated in acute 
myocardial infarction which is probably related 
to hepatic vasoconstriction. This may be a 
factor in the lactic acidaemia.
MICROCIRCULATION
T h e changes observed in the peripheral 
circulation in shock have been investigated by 
many workers. M icroscopic examination of 
the microcirculation in shocked animal prepar­
ations has shown great species variation in the 
behaviour of the microcirculation during 
shock and it is difficult from the observations 
which have been made to indicate any con­
sistent microcirculatory defect in shock. How­
ever, disturbances of vasomotion and of the 
flow patterns in exchange vessels have been 
observed. The role of arterio-venous shunts 
in the microcirculation remains uncertain.
Coupled with disturbances of flow, pressure 
and exchange relationships in the micro­
circulation may be disturbances of the coag­
ulation mechanism which have been observed 
in shocked patients by the proponents of a 
hypothetical mechanism for disseminated in- 
travascular coagulation or sludging. This will 
lead to further disturbance of the exchange 
and nutritive functions of the microcircul­
ation. If present in cardiogenic shock sludg­
ing should be visible in the bulbar conjunctiva.
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M e lla n d e r using his technique for the in­
direct study of the m icrocirculation  in cat 
skeletal m uscle has noticed  in shock a pro­
gressive decline in the precapillary resistance 
response to sym path etic  nerve stim ulation 
w hile  the capacitance response rem ains. H o w ­
ever, unphysiological doses of noradrenaline 
w ill retrieve the resistance response when 
sym path etic  nerve stim ulation  fails. I f  shock 
is prolonged the capacitance response to sym ­
p athetic nerve stim ulation  is abolished and 
intravascular p ooling m ay occur. A t  the sam e 
tim e disturbances o f the relationship  betw een 
pre- and post-capillary resistances and hence 
the Starling m echanism  w ill lead to h aemo- 
concentration . M e lla n d er in terpreted the re­
fractoriness to sym path etic  nerve stim ulation 
as being due to the presence o f tissue hypoxia 
and accum ulated  “ m etabolites” . T h e  nature 
o f such m etabolites rem ains uncertain but 
acidosis is probab ly a factor.
C a t skeletal m uscle in haem orrhagic shock 
is not the hum an peripheral circu lation in 
cardiogenic shock b u t com parisons are useful 
and apparently valid since recent publications 
a llow  the fo llow ing tentative interpretation of 
peripheral circu latory failure in cardiogenic 
shock: a fter in farction cardiac function  is 
severely im paired and although increased 
sym patho-adrenal activ ity  m ay be adequate at 
first to m aintain  blood pressure it is later in ­
adequate. I f  the vasoconstriction is severe or 
prolonged enough it leads to tissue hypoxia 
and acidosis. H ypoxaem ia w ill exaggerate this 
phenom enon and total peripheral resistance 
m ay fall. Progressively the resistance vessels 
b ecom e refractory to sym path etic  nervous 
stim uli w hile  m ain tain ing som e sensitivity to 
noradrenaline. U ltim ate ly  this response also 
disappears along w ith  the capacitance response. 
T h is  m ay lead to acidosis, loss o f capillary in­
tegrity, haem oconcentration , stagnation , dis­
ruption o f lysosom es, coagulation o f blood and 
tissue destruction w ith consequent loss of 
organ function and death. Prom in en t am ong 
the ultrastructural changes in shock is m ito­
chondrial dam age.
T h e  role o f the sym patho-adrenal system  
in this sequence of events is p rom inent enough 
to m ake one w ond er w hat the effect o f cor­
onary em bolisation or ligation m igh t be in 
dogs or other anim als w hich  had either been 
sym path e ctom ised or m ade tolerant o f cate­
cholam ines. W o u ld  the sam e percentage of 
sym pathectom ised or catecholam ine-tolerant 
dogs develop shock as com pared w ith norm al 
anim als? I f so, w ould the m ortality  be altered?
W o u ld  chem ical sym path ectom y show  the 
sam e effect? I f  the effect was beneficial m ight 
it be applicable  to hum an cases as a form  o f 
“ preventive”  treatm ent for cardiogen ic shock? 
D o  people w ho have been sym pathectom ised  
develop  cardiogenic shock as often  as the rest 
o f the population? I f  so, do they also have 
an 8 0 %  m ortality?
T h e  sequence o f events in shock is never 
seen in its undisturbed entirety since therapy 
is usually instituted early in the m arch of 
events and m ay m od ify  the p icture consider­
ably. H ow ever, it obviously fails to alter the 
picture enough since the m ortality  rem ains at 
8 0 % . M ore  optim istic figures fo r m ortality 
are m isleading and probab ly reflect the in­
clusion in the diagnosis o f shock of patients 
w ith the b rief in itial hypotension often seen 
after m yocardial in farction .
THERAPY
T h e  fo llow ing agents have been, should be 
or w ill be, used in the treatm ent o f cardio­
genic shock.
INITIAL THERAPY
T h e  supine position in the abse nce o f p u l­
m onary oedem a, m orph ine or p eth id ine in 
m oderation (hypotensives and respiratory de­
pressants) to relieve pain , b icarbonate for 
acidosis and standard therapy for arrhythm ias 
m ay all be required in itially.
OXYGEN
In cardiogenic shock, the tissue P02 is prob­
ably m uch low er than it should be, and P aO 2 
is certain ly low . P a C O 2 being essentially nor­
m al, the adm inistration  o f 10 0 %  oxygen is 
preferred since the P aO 2 o f som e patients m ay 
be refractory to oxygen therapy.
H yperbaric oxygen protects against death 
from  arrhythm ias in “ cardiogenic sh ock”  in 
dogs and pigs but C am eron  has only noticed 
a “ non-statistical suggestion o f a reduction in 
arrh yth m ias”  w ith such therapy in m an.
VASOCONSTRICTORS
Pure vasoconstrictors such as angiotensin  
have no place in therapy since they increase 
blood pressure b y  increasing peripheral resist­
ance at the expense o f increasing cardiac over­
load and decreasing cardiac index.
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αβ drugs such as noradrenaline and meta- 
raminol have been used in classical therapy 
for years. They:—
1. act in small doses to increase myocardial 
contractility and cardiac index, and in 
larger doses to vasoconstrict all regional 
circulations except the coronary and hence 
to increase cardiac work and decrease 
cardiac index.
2. may cause shock.
3. may lead to reversal of the Starling mech­
anism (which causes net movement of 
fluid into the circulation in shock) and 
thus cause haemoconcentration.
4. do not alter the mortality in shocked dogs 
from the control value in untreated dogs.
5. have not affected the mortality from 
cardiogenic shock in man which remains 
at 80%.
The value of these drugs is limited solely 
to the inotropic effect observed with small 
doses which is probably useful in a few cases.
α- B L O C K I N G  D R U G S
α-blocking drugs such as phenoxybenzamine 
or chlorpromazine can be used to provide a 
low pressure/high flow system which is prob­
ably more useful in preventing tissue hypoxia 
than the high pressure/low flow system 
achieved with noradrenaline. The logic of 
α  is that vasoconstriction will be re­
duced, resistance will fall, capacitance will rise 
and the reduction in pressure will mean less 
pressure work for, and a lower oxygen con­
sumption by, the heart. The fall in resistance 
will lead to increased cardiac emptying and 
the increased capacitance may be useful in the 
treatment of pulmonary oedema.
Infusion of fluid—plasma, L.M .W .D ., blood 
— is often combined successfully with this 
therapy but central venous pressure must be 
monitored to warn of impending pulmonary 
oedema. The following facts are known:—
1. Work on “ shocked dogs”  shows that 
phenoxybenzamine plus intravenous fluid 
leads to a very significant increased sur­
vival from cardiogenic shock as compared 
with control or noradrenaline treated 
animals.
2. In general, survival is improved when the 
pressure work of the heart is decreased 
and the volume work is increased —  how­
ever, the use of intravenous fluids alone, 
as recommended by Nixon, is not a de­
sirable procedure since the damaged heart
is unlikely, in most cases, to operate on 
the ascending portion of its starting curve 
in response to distension.
3. α -b lo ck in g  drugs have been useful in the 
treatment of low output surgical shock.
LOW MOLECULAR WEIGHT DEXTRAN (L.M.W.D.)
L.M .W .D . decreases blood viscosity, in­
creases circulating blood volume, activates 
fibrinolysis and is valuable in the treatment of 
disseminated intravascular coagulation or 
sludging. In shocked dogs it improves pros­
pects of survival.
HYPOTHERMIA
Reduction of body temperature to 33°C  re­
duces oxygen consumption to ⅔  normal and 
therefore decreases the demand for oxygen in 
the tissues. The technique has been used 
successfully in septic but not in cardiogenic 
shock. It may be that the enhanced myo­
cardial efficiency is not enough to compensate 
for the increased risk of arrhythmias.
DIGITALIS
Digitalis should be used in cardiogenic 
shock where the improved myocardial effic­
iency which results probably outweighs the 
increased risk of arrhythmias.
STEROIDS
Massive doses of glucocorticoids (30 mg./kg. 
prednisolone, 150 mg./kg. hydrocortisone) are 
in vogue for the treatment of low output sur­
gical shock in man and experimental cardio­
genic shock in dogs. Such large doses cause 
vasodilatation and may help to maintain the 
integrity of cell membranes and sub-cellular 
particles such as lysosomes. The use of such 
large doses in cardiogenic shock is not record­
ed; smaller doses are ineffective.
ASSISTED CIRCULATION
Most cases of cardiogenic shock are going 
to die in spite of the administration of oxygen, 
drugs, etc. Such eases could be helped by 
some form of assisted circulation. The follow­
ing are the most likely to be developed.
1. Counterpulsation —  blood is withdrawn 
from the femoral artery during systole and 
pumped back during diastole. The tech­
nique is successful in dogs and the minor
surgery required has allowed it to be tried 
in refractory cases of cardiogenic shock in 
man. Surgery can be avoided if the vas­
cular tree of the lower limbs is used as 
the pump and subjected to appropriately 
phased pressure variations.
2. implantable Prosthesis —  the in-series, 
air-powered, prosthetic auxiliary ventricles 
of Soroff and Kantrowitz function well 
but require modification in view of the 
high frequency of clotting and embolism 
from the prosthesis.
3. Artificial Intracorporeal Hearts —  Twenty- 
six have been reported since 1958 and as 
yet no animal has survived more than 
thirty hours with a functioning artificial 
heart. However, W .H .O. gaily prophesies 
cardiac factories for the future.
4. Cardiac Transplantation —  Homograft 
transplantation is complicated by the 
difficulties of tissue typing, graft vs. host 
reaction, catecholamine hypersensitivity, 
homograft rejection phenomena and its 
detection and control with immuno­
suppressive therapy, but is possible. 
Whether the development of a successful 
artificial heart will precede the break­
through in the problems of cardiac trans­
plantation remains to be seen. Mean­
while, there is adequate time to consider 
the implications of either.
S U M M A R Y
An attempt has been made to present an 
up-to-date account of the pathogenesis and 
therapy of cardiogenic shock and to pursue as 
far as possible, the relationship between them.
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